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Background and Objectives

The spread of invasive plant species poses a significant threat to biological diversity and ecosystem functioning.

Compared to terrestrial weeds, invasive aquatic vascular plants are more difficult to control and manage because Ob] ectives

they grow submerged in water, float on the water surface, or have inundated basal portions with emergent foliage * Produce annual maps of the areal distribution of emergent (e.g,, tule), and floating (e.g., water hyacinth) species

and upper canopy. Of particular concern in the Sacramento-San Joaquin Delta Region are Brazilian waterweed * Produce annual maps of the areal distribution of submerged aquatic vegetation (lifeform classification)

(Egeria densa) and water hyacinth (Eichhornia crassipes), which are well known for their ability to alter physical . . .

* Analysis of the change in areal coverage (change detection)

and biological functions of aquatic systems. A fundamental need for invasive aquatic plant management is to

develop a cost-effective, non-intrusive, large scale monitoring method. © Iielkiez et ety with el agrra e vegsEiom dfbnibu ion
d

* Assess habitat quality for tk d and gered pelagic org;

Environmental context
The Delta is a highly modified, imbricate, tidal system with multiple environmental conditions Sensor Choice and Flight Planning

The Sacramento river

Wide, highly regulated Challenges:

At iy pa e We need a large spatial extent at }ugll spatial resolution
data to similar species

Shm't wave infrared bands (SWIR) are needed to perform

ic correction and plants with a column of water from those at the surface
Deep water ship channel

Major waterway for transportation
(9 m deep, 61 m wide, 69 km long)

Solutions:
Air-borne hyperspectral sensors (e.g. AVIRIS, Hymap and SpecTIR) are the only sensors that meet both the spectral and spatial resolution requirements.
We acquired 64-67 flightlines cach year collected from HyVista’s Hymap sensor, which has 3m ground resolution and 128 bands from 0.45 pm to 2.5 um

Sensor Choice

Liberty Island
Large lentic system; a Challenges:
2109ha inundated island 1 Specular reflection from water surface
b e ‘E Depth of water column above targets affects signal
=
& Solutions:
% Image acquisition during the late morning and early afternoon avoids specular reflection 5
Big Break wetlands cri - . £ Image during low tide minimizes the depth of the water column over submerged plants o
. v = . age - . Sy lar reflection over E. densa Turbid water column over E. densa
Large tidal input (2 tides per day) ) _— : . Image in low wind cond speckling caused by specular reflection off of waves L

Highest salinity in the Delta
High flow rates, water speed

Processing and analysis
Challenges:

Our system (and classification
effort) has both aquatic and

as “short-circuit” of y Mokelumne river T
‘water between Sacramento and the > g 16 major water projects with 4 major reservoirs;

Old River

S in Rivers; Mc i " Y -
main ul‘::::-m;-:m:\;e:“w'xwe ::;c:z:el:lﬂnnel is %2 its former width and over- 1 terrestrial components
syskm instead of llowmg through No vendor currently performs
the Delta into the i | atmospheric corrections designed
E | for water
]
Amaser 1 g
p o £ Solutions:
. sige allenges: % | Training data for classifiers and spectral unmixing
Aquatic plant communities Gl ity " £ algorithms must e extracted from the images themselves.
— ; st _ l Field spectra for submerged cover classes do not match in-
ergent species o ) » [ I p—— ! scene spectra
(20 VLT e Investigate TAFKAA and radiative transfer models (e.g.,
Single consistent method; e — )_,( P ) 1 Hydrolight, Biopti)
High spatial resolution data set;
Good AT (>80%), e o ) Challenges: s
Wall-t vt sgmm - Vendor provided geometric corrections to aerial imagery are

— . } usually +/- 2-5 pixels off, even after manual image-to-image
Flowchart of project imagery processing and analysis : georegistration
Temporal extent: li
Multiple years (2003 - 2007); -

Ongoing management activities. T

Solutions:
Joseph Boardman s oxlhoxechflcanon software has resulted

Geometric

in+/- 1 pixel errors using app
R of the original image-to-image tie points that a standard
& ) . t Spectral extent: Classification polynomial warp would require
ata lackbe iant ree epperve igh di i . = Z T et
ettt ewom Swivios Loppiom orgorun | 1181 dimensional data. ;
| Challenges:
Spectral signatures similar to submerged species
Solutions:
Emergent species identified using red/green ratio
Merge LiDAR with F to improve
Eichornia crassipes
Submerged species (SAV) v
Challenges: G n) eyl
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Water hyacinth is spectrally similar to co-occurring floating and emergent species and sunlit portions of tree crowns =g =

Water hyacinth has multiple phenologies at any acquisition time

.
Solutions:

A P D ot sl Carolina et coontal American pondweed Canaditn wateriveed Application of decision trees with multiple inputs (SAM, LSU, continuum removal, indexes, band averages, etc.)
Training data collected for all common species and their phenologic stages
Sunlit tree crowns were distinguished from floating vegetation by LIDAR and height

Floating
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Remote sensing of aquatic vegetation requires:

* High spatial and spectral resolution imagery, collected at specific times (tidal and Challenges: ) -
Submerged spectral signature is highly dependent on the local water conditions

sun angle) B Tree shadows cast on water are confused with submerged species

¢ Classification must account for varying water conditions (for SAV), confounding Soluti
. . ] olutions:

factors (tree canopy), phenological heterogeneity, and dynamics of the system i d species were distinguished from water and turbid water using chlorophyll features }

® Multiple inputs considered simultaneously, and large training and testing data sets Tree crowns shade were distinguished from SAV by LIDAR and ray-tracing techniques LIDAR imagery used for
tracing shadows l

Submerged species at surface easily distinguished from water

Submeryedspecis
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